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Description 

Background of the Invention . . ^. . . . • • 

[0001] The present invention relates to modems; in 
general, and more particularly.to a modem for selecting 

;.a carrier frequency and a baud rate from a'predeter- 

;.mined plurality of carrier frequencies and baud rates to 
•communicate with another modem over a communlca- 

:".tion media of a data communications network In .a full 
•duplex mode the selection being based on. estimated 

"characteristics of the communication media, and a 
method of operating a modem by combining the proc- 
esses of estimating channel characteristics and estimat- 
ing range in a common startup propedure characterized 
by a plurality of successive time segments. 
[0002] In a data comrnunication network, digital data 

" among other data, may be communicated at a data bit 
rate from one modem to another modem through a com- 

■.riiunication. media, which may be a leased line of the- 
network or a dial up connection of a general switched 
telephone network (GSTN), for example. Generally, nriq- 
dems. operate at a fixed earner frequency and a fixed 
modulation or baud rate and attemptto optimize the data 
exchange bit rate based on the conditions of the com- 
munication media over which they are communicating. 
In order to accomplish an optimum data bit rate, con- 
temporary modems utilize a startup learning procedure 

. before commencing communication during which the 
modems perfomi certain predefined start up procedures 
which may Include a line probing sequence, for exam- 
ple, to establish the rnedia characteristics over which 
communication will take place. The current state of thiB-. 
art CCITT standard for two wire full duplex modems is. 
V,32 and V.32bis. Ah example, of a modehi ehfiployin^ 
the V.32 standard today includes the Codex Mbdel 2264 

::(TM). An example of a state.of the art moderii using line* 
probing is the Codex Modern Model 3680 (TM). 
[0003] In addition, two wire modems for operating In 
a full duplex mode generally employ an echo canceller 
to cancel from the received signal any near end and far 
end echoes resulting from Its concun-ent signal trans- 
missions. These modems Include a ranging sequience 

.as part of the startup procedure to determine the round 
trip sigrial delay time over the media to and frorh a re- 

. mote modenri which is used by the echo canceller therer. 
of. The rangirig task is perfonned separate and distinct; 
from any line probing tasks; Further, in two wire, full du- ^ 

. plex transmission systems, there are system nohlinear- 

. ities which affect not only the slgnaltransniission, but 
also both of the near end and far end echoies resulting., 
therefrom. Conventional line probing training sequenc- 

: es do not measure the nonlinearities of the echo signals 
and, for this reason, cannot provide adequate estimates ; 
for echo cancellation purposes. 
[0004] . Still further, if during data communication be-- 
tween two modems, a malfunction, like loss of synchro^ 
nization, is detected, the modems presently on the mar- 



ket resort to breaking communications- arid rejseatihg 

the entire startup procedure, including both line probing 
and ranging tasks, which is a very lengthy and cumber- 
some retraining process. Moreover, only one of the com- 
municating nrtbderhs Is generally designated to Initiate: 
this retraining process upon malfunction which adds fur-* 
'ther complications. . . 

[0005] US-A-5648054 discloses a two-wire modem in 
accordance with the preamble of the independent claim 

[0006] The F)resent inventloh offers aispects' intended 
to alleviate the aforementioned drawbacks of the current 
modems. These aspects will be betterunderstood from 
a description of the preferred embodiment found here- 
Inbelow taken together with the accompanying draw- 
ings. 

Sumniary of the Invention 

[0007] . in accordance with the present Invention, a two 
wire modem in accoi^dance with. independent claim 1 is. 
provided. 

[0008] In accordance with a second aspect of the In-- 
vention, there Is provided a method as setforth in clainfi 
7. 

Brief Description, of the Drawings 

[0009] Fig's. I and 2 are block diagrani Illustrations of 
an exemplary data communications network model suit- 
able to describe the background environment of the 

present invention.;: . 

[0010] Fig. 3 depicts a- functionally : block diagram 
schematic of a two wire rhodem capable of :operatihg in ^ 
a full duplex nhode and suitable for embodying. the prin- 
ciples of the present Invention. .. 
[001 1 ] Fi^. 4 is a functional block diagrarn'.schiEfmatic". 
of a series of modules. suitable for embodying an FFT ; 
processorforperfomning the estimation of signal or echo • 
characteristics: of the conrimuriicatibn hfiedla for uise in 
the embodiment of Fig. 3, 

[0012] Fig's. 5 - 12 depict "tiahd-shaking" signal' ex-, 
change between a niodem pair for start up training arid 
the initiation of retraining during data trarisnilssion In ac-: 
cordance with the principles of the present Invention. 
[001 3] Fig's. 1 3A - 1 3D represents suitable software ': 
programming for embodying the functional modules of 
the modem of Fig. 3 operating in a caH rhode. 
[0014] Fig's. 14A 14D depict suitable software pro- ; 
gramming for embodying the functionally hno.duies .of the 
mddeni of Fig. .3 operating In an answer mode. 
[001 5] Fig: 1 5 depicts a method flowchart 'of a suitable • 
embodiment of another aspect of the present Invention. 

Description of the Preferred Embodiment 

[0016] Fig's. 1 and 2 are block diagram illustrations of 
an exemplary data communications network model in 
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\ which two modems denoted as A and B, of the two wire 
variety are communicating through a general switched 
telephone networl< (GSTN). In the present example, the 
modems. A and B are coupled to the GSTN over two wire 
line connections to hybrids H(A) and H(B), respectively, 
which convert the two wire connections to four.wire con- 
nections of the GSTN. Loop losses of the two wire con: 
nections, coupling modems A and B to the GSTN, are 
represented by the blocks L(A) and L(B), respectively, 
and the reflected respective impedances are represent- 
ed by Zl(A) and Zl(B). The trunk losses of the networt< 
are lumped according to direction of signal communica- 
tion and are represented by the directional triangles TR. 
[0017] " The illustration of Fig. 1 Is used to depict a 
near-end echo signal 10 resulting from the transmitted^ 
signal 12 from modem B and. reflected from the hybrid 
H(B). The illustration of Fig. 2 depicts a composite signal 

' 14 comprising at.least two far end echo signals 16 and 
1 8 resulting from the transmitted signal 12 from modem 
B. The far end echo signal 1 6 is a residual signal re- 
maining as a result of a non-Ideal hybrid match isituation, 
which is commonly referred to as "trans-hybrid Joss* and 

* is dominant In most far-end echo signals. The other 
echo signal 18 is a residual signal remaining as a result . 

. of the transmission signal 1 2 traversing the local loop L 
(A), being reflected off the remote modern A. due to a 
non-Ideal impedance temnlnatlori In a modem and tra/ . 
versing back along the same local loop L(A) and then 
combining with the echo signal: 16! The echo sighal .18 

' Is generally smaller than the echo signal 1 6 since it goes ■ 
through the loop L(A) twice and the minimum return loss , 
(reflected signal) for a.modenri.is on the order of 1 1 db in " 
order to meet certain standards. 

: [0018] '■ In operation, modem B In communicating with ; 
modem Atransnilts its signal l 2 traversing the local loop 
L(B). the hybrid H(B) the tiuhk loss TR, the hyt)rid H(A) ; 
and the loop L(A), which in combination constitute the 
comniunicatlon media between modems A and B. Con- 
currently therewith, modem B receives in a full duplex, 
mode not only the transmitted signal from modem A but, 
in addition, the near end echo signal 1 0 and composite, 
far end echo signal 14i The communication frequency, 
spectmm of the communication media is refen'ed to 
herein as the channel and the. round trip delay over the 
channel between the call and answer modems is re- 
ferred to herein as this range. Accordingly, |h order to 

. provide a viable estimate of the channel characteristics . 
for optimizing data bit rate and echo cancel latibn,. the 
near and far end echo signals Including echo npnlinear- 
ities should be learned and taken into consideration as 
part of the training sequences at the modems A and B. 
[0019] For the present embodiment, modems A and 

. B may be implemented much the same or similar to the 
aforementioned modems marketed by Codex Corpora- 
tion bearing (Vlodel 2264 which have been marketed 
more than 1 year prior to the filing date of the Instant 
application and are described In the publication '2264\ 
Modem Users Manual", 08789, Rev. B, published code 



LP, published July. 1989 by Codex Corjporation.. This . 
manual or manuals are being incorporated by reference 
herein to provide more specific details of the\.structure' 
and operation of a suitable modem used In connection 
5 of this prefen-ed embodinlent. ■ 

[0020] Fig. 3 depicts a jfunctional block diagraiti sche- 
matic of a two wire modem capable of operatihg in a full 
. • . duplex mode and suitable for embodying the various as-. 

• pects of the present invention. As in the Codex model 
1.0 2264, the function of the blocks of the embodiment of 
; Fig. 3 may be Implemented In software programs of at .< 
. least one signal processor similar to the type manufac-. 
. . tured for Codex Corporation bearing Model No.; 

. 60423-51, for exanriple. The modeni pfocessor(s) will . 
15 not be described in detail herein as the use of a signal. 

processor(s) in the control and implementation of mo- 
X - dem functions is considered well-known. 
■ V [0021] Referring to Fig. 3, at. the heart of the exem- 
plary modem is a functional controller module 20 which 
20 functions to provide information to the various other 
■ functional modules of the modem In accordance* with a: 
predetermined timing sequence which will be described 
in greater detail hereinbelow. The present modem is in- 
tended to ojserate with quadrature amplitude modulation 
25 (QAM) for each channel with synchronous line transmis- 
sion at a selected one of the following plurality of mod-' 
■'.ulation or baud rates: 2400, 2743, 2954, and 3200 as 

will be more fully understood fi;6rh the description here-. ^ 
: below. The. present nibdenri isialso designed tb operate 
30: at the following data rates: 9600, .1 2000/ 1 4400, 1 6800, 
1 9200, 21 6b0,.24O00, and256b0 bits per second,: In the ' 
■ ' - present embodiment, the jabovb fates Hnay use a Codex 
: .. Proprietary Preceding Mbdulatioh. Schenrie, comlbined '. 
• • with 4D trellis coding. Still further, . a. plurality of carrier 
35 .frequencies which may be used by thb present modem . 
include T600H2, 1670H2, 1745H2. 1828H2,. and 
1920H2. The receivers will operate with, received fre- 
quency offsets of up to +/- 7H2. A selected carrier fre- 
quency and baud rate from their respective pluralities 
40 will be established during a start up procedure, after the. 
line has been probed arid the operational bandwidth - 
ther;eof established. Infomnation representing the afore- ' 
mentioned predetermined carrier frequencies,, baud 
•rates and data bit rates are all stored In the menibry 22 
45. for a selection under control ot the controller 20 as will 
be more evident from the description found below. - - 
' [0022] It is understood without having to be shown or • 
described that the present exemplary modem Includes 
■ conventional interchange nnodeni circuits which comply . 
50 with the functionality and operational requiremente of 
the V.24 recommendation of the CCitT and all such ihi : 
- terchange circuits are adequately terminated in the cor- 
responding data terminal equipment (bTE):and in the ' 
data circuits temninating equipfrient In accordance with . 
55 . appropriate recommendations for electrical characteris- 
tics. In addition, such modems shall accept and pass 
synchronous or asynchronous data from and to its cor- 
. . responding DTE on the appropriate conventional; inter-; 
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change circuit and under control thereof. The timing^ 
•clocks.,., etc., for example, and data rate selection 
switching and control are ail achieved through the con- 
ventional interchange circuits. . • 
[0023] Referring again to Fig. 3, the modenn includes 
the following conventional signal generating functional - 

. modules: a differential phase shift keyed generator 24, 

• a tone generator 26, a chirp signal generator 28, a train " 
signal generator .30 and. a conventional scrambler/eh- 

*; coder/mapper function 32 which processes the data.to. 
be transmitted: A functional switch SWI selects the but- 
put of one of the generator modules 24, 26, 28, 30 or 32 
to be an input to a transmitter/modulator functional mod- 
ule 34 which in turn generates a transmit signal 36. The 
signal 36 is conducted through a hybrid circuit 38 to .the 
two wire connection 40 to either a leased line; or dialrup 
line of a telephone network. The generator functions 24, 
26, 28, 30 and 32 are all selected and enabled by the 
controller 20 via the signal path 42. in addition, the func- 
tional switch module SW1 Is also controlled by the con- 
troller 20 via the switch control path. 44. Still further, in- 
formation related to the carrier frequency, baud rate and 
data bit rate along with certain control signals are pro- 
vided to the transmitter/modulator 34 from the controller 
20 over the data and control path 46. 
[0024] Received signalis are passed from the two line 
conductor 40 through the hybrid 38 to a comt)iner func- 

. tion 48 of the modem, A conventional echo canceller . 

;. function 50 estimates an echo based on jDerceived char- .. 

■ acteristics of the channel in accordance inifpiTnation pro- . 

•yided to It frbm the controller 20 via path 46, The echov: 
canceller 50 provides the echo estimate to the combiner 

. 48 over path 52 so that the received signal may be re- 
lleved of its echo component, by the combiner 48. An 

...echo. error is provided back to the edho canceller 50 oVer: . 

. path 54 in order to adjust the echo canceller to. a more 
effective level. • 

. [0025] The received signal from the combiner 48 is 
provided overthe signal path 56 to a variety of additional- 
functional modules of the modem including a cbnven- ! . 
tional programmable tone detector module 58, a rebelv- - 

. er/demodulator/equallzer module 60 and a DPSK re- 
ceiver 62. The modem further includes a receiver initial-.: 
ization and control functional niodule 64 which initializes . 
and controls the module 60 via the signal path 66: In 
addition, the tone detect module 58 and initialization and 
control module 64 are governed by the controller 20 uti- 
lizing the path 68, The data output of the receivei- mod- 
ule 60: is provided to a conventional decoder scrambler 
module 70 over the data path 72. The module 70 proc- . 
esses the data received. ■ . 

[0026] Stilt further, the modem, includes a counter 74 
which Is used" to compute the range MT or NT, as the 
case may be, which will become more evident from the 
. description found below. The counter 74 may be started 
by the controller 20 using path 76 and stopped by the 
receiver 60 using path 78. 

[0027] In the present embodiment, a conventional 



Fast Fourier Transfpnm FFT processor 80 operates on 
the received signals at selected times to estimate chan- 
nel characteristics and select a comnrjunication paramr 
• eter combination of carrier frequency, baud rate and da- ". 
s . ta bit rate under contrpj of the controtlei' 20 via data path 
f ; 82. the resulting pararheter coniblnatloh Is pro^vlded to • 
a decision logic function 84 over the data path 86. Ihr 
addition, the selected communication parameter of the ' 
- ! .remote modem are received by the DPSK receiver.62 
v/P; arid provided to the decisiipn logic/mbdufe.64 using the .. 
path 88. The decision module 84 delcldes thecan-ieffre-' 
quency, baud rate and data bit rate for use by the nrio- 
dem based on estimated characteristics of .the channel 
over which it is communicating with another modem, if 
15 the decisional modiii ie 84 cannot find a carrier frequency 
and baud rate consistent with a desired rriaximuni and. 
minimum bit rate range set by the controller 20, then it 
. generates an error signal (ERROR), the combined car- 
. . rier frequency, baud rate and data bit rate information 
20 ■ and ERROR signal are all provided from the decisional 
logic module 84 to the controller 20 over the signal path 
90 for storage in the memory module 22 thereof. '.. 
[0028] The foregoing described modem may be con- ' 
trolled to Initiate a call and thus, be operated in a call 
25 mode (hereinafter referred to as a call modem) or may 
be controlled to answer a call,- and thus, be operated in 
an answer mode (hereinafter referred to as an answer 
■ modem). 

■• [0029] An example .of operation of the preferred moi-- 
.30 ,dem embodiriieht described in connection : with 
:schematic' bjbck 'diagram of Fig. 3 will now be supplied 
In connection with the communication between a call/., 
answer two wire modem pair which intend to communi- 
<[ cate overa communicatipn media such as a jease line 
.35 - or dial-up line of a teliephohe network like thatdescribed 
\ .. in connection with the network mpde^ and - 

supra. The signal flow illustratiohsf of ;Figs. 5 - .1 2 depict 
- . the "handshaking" signal exchange between a call and ' 
answer modem pairforstart up training and the initiation :. 
4o of retraining during conventional data transmission ther- 
■ ebetween, Further,. Figs. 13A.^ 130 represents suitable 
/ software programnriing to embody the functional mod- . 
ules of the call mbdenri and Figs. 14A -140 depict flow- , 
charts of software programming suitable for embodying .. 
45 .functional modules of the answer modem. . . 

[0030] To start with, references are made to Figs. 3,. 
. 5, 13A and 14A for purposes of describing a common 
start up procedure which includes line probing the tele- 
phone line connection communication media between 
50 the call and answer modems to leam the channel char- 
. acteristics In estimating the round trip delay from each 
modem, referred to as ranging. After a call is initiated 
from a call modem, the ariswer modem on connection . 
to the line, shall transmit an answer back tone as rec-. 
55 omrnended by V.25 and then commence transmittirig a 
pilot tone PI as shown in Fig. 5 and flowchart block 1 00. 
To accomplish this, the controller 20 selects and'enabies" 
the tone generator 36 to generate a tone at 400 and 
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2800 Hz (P1] and controls the switch SW1 to pk'ss the 
; generated tone to the transmitter/rnodulator 34 which 
:. transmits the tone overpath 36 through the hybrid 38 
and out overthe two wire line 40 to the caN modem. Con- 
currently, in block 100, the controller 20 of the answer^ 
modem initializes the module 58 for the reception of a 
tone at 1 60pHz (P2). At this time, both modems may be 
. set at the symbol timing of 2400 Hz. 
[0031] Simultaneously, the call modem similarly gov- ; 
ems the transmission of the P2 tone and Initializes. Its 
module 58 to receive and detect the PI tone according 
to block 102. After receiving the answer back tone for at 
least 1 second or upon a reception of the PI tone as 
detected by the module 58 in accordance with block 
1 04. the call modem warts for at least 1 28 timing periods 
(at a symbol timing Tof 2400Hz) and then transmits the 
phase reversal tone P2 for a period of 1 6t by controlling 
the tone generator 26 and transmitter/modulator 34 
(block 1 1 0). Concurrently therewith, the controller 20 of 
the call modem starts the NT counter 74. Thereafter in 
the flowchart block 112, the call modem Initializes the 
detect module 58 to detect the phase reversed tone PI 
and controls the transmitter 34 to transmit all zeroes. 
Then looks for the phase reversal tone PT In the deci- 
sional block 114. 

[0032] After receiving the P2 tone (block 1 06), the an- 
swer modem Initializes its detect module 58 In block 1 08 
to detect the phase reversal tone P2 . 
.. [0033] The answer modem then looks for the phase 
reversal tone P2 in the decisional block 116 and when 
it receives and detects the tone P2 by the.mpdule 58, it 
executes the flowchart block 1 i 8 which causes the con- . 
troHer 20 to wait for at least 64T, and then control the 

• tone generator 26 and transmitter 34 to transmit a phase 
reversal tone PI for 16T. Thereafter, In: the block 120; 
the controller 20 of the answer, modem ihltializes the 
FFT processor 80 to compute the channelxharacteris- 

• tics estimation resulting from received echo signals. 
[0034] In the call modem, when the tone PI is detect- 
ed as detemnined by functional blbck.1 14, the MT coun- 
ter 74 is stopped by the receiver module 60 according, 
to the instructions of block 122 and the FFT processor 

. 86 thereof is Initialized to compute an estimation of 
channel characteristics from a received signal. The re- 
sultant digital count of the MT counter 74 is represent- 
ative of the round trip delay or range between the Iwo . 
modems and is stored in the memory 22 by the controller 
20 for later use in controlling the echo canceller 50. 
[0035] In the present state, both the call modem and ' 
answer modem are initialized to estimate channel and. 
noise characteristics which is accomplished by one mo-; 
dem transmitting a known broad band signal, such as a 
chirp signal and, at the same time, receiving the echo 
signal therefrom, while the other modem at the remote, 
end receives the chirp signal. Both modems, estimate 
the channel and noise characteristics from their respec- 
tive receive signals. 

[0036] In the. present embodiment, according to the 



flowchart block 1 24, the controller 20 of the answer mo- 
dem controls the chirp generator 28,. switch SW1 and 
transmitter 34 to transnnit a line probing chirp signal 
which is a periodic signal comprised of a series of tones 
s spaced at 37.5 Hz apart within a frequency band of ap- 
. proximately 100 - 3600.Hz. Within this frequency band, 
3 nulls are transmitted In place of the tones where one 
measures the nonlinear distortion, if any, introduced by 
the channel of the communlcatiori m^dla.^The lineprob- 
. Ing chirp signal, repeatedly transmitted at least 64 times 
for approximately 1,8 seconds by the answer modeni 
during which tinrie ft is receiving echo signals which are 
conducted to the FFT processor 80 and analyzed for es- 
. timating echo characterlsttes of the communication me^ . 
'5 dla. • ■ ' ■[ 

[0037] Similarly, the instructions of block 126 cause 
the controller 20 of the call modem to activate the FFT 
'■ processor 80 to perform and analyze the received line 
probing chirp signal from the answer modem for est!-- 
20 mating the signal characteristics of the communication 
media. Each receiving modem estimates its respective 
. media characteristics of the broad band signal by . aver- 
aging Its spectrum over 64 periods which is the number 
of chirp signal periods being generated. Averaging over 
.. .25 64 periods by the FFT processor, provides about 1 8db 
; of noise rejection which just about cancels out any ran- 
dom noise leaving behind only the known transmitted 
signal or echo signal linearly and n on linearly distorted;. 
. by the channel. The functional block diagram schernatic 
30 • of Fig. 4 offers a jseries of modules suitable;for embod- : 
': ying an FFT processor for performing the estimation of : 
signal or echo characteristics of the cornrnunicatlon rne- 
■ 'dia. '■ : ■ ■ . ■ * • : .• ■* ' • . < 

.[0038] Refenrlng to Fig. 4, the. incoming tones of the. 
^5 : line probing chirp signal or echo signal thereof, as the 
case may be, are gathered in the block 1 30 and.saved 
. In a temporary memory buffer according to the function- 
al block 132, Since the channel may introduce a fre- 
. quency offset which could make the received signal 
40 non-periodic, a frequency offset correction Is accom- 
plished, using the frequency offset of block 1 34 and mjxr 
er 1 36, prior to computing the Fourier transfomi thereof . 
[0039] A 256 point FFT processing algorithm 138 is 
used, in the present embodiment;* for computing the re- ;.: 
45 celved signal to noise ratio over a predetermined f re-* 
• quency spectrum or a received signal to echo ratio over 
the same predetermined frequency spectrum. For this 
■■ :■ computation, 512 tinrie samples , or points are gated . 

through the gate 1 40 at a time as governed by the time 
50 window signal 1.42 to the FFT 138^ A powersignal spec- '. 
trum is computed for each of the 64 periods .over the 1 .8 
second Interval by the FFT processor 138 and stored in 
an accumulator 144, A timing offset correctioniTOFF • 
and a frequency offset con-ection ROT are introduced. 
55 . to each result out spectrum. The Individual spectrums 
are then averaged to yield an overall resultant spec- 
; ^trums to either reduce or eliminate random noise. Also 
in block 144, the. resultant average power spectrum is 
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• squaredtoyleldasquaredspectrum which issubfracted ■ . call modem temilnates the zero transmissions by con- 

f rom the original spectrum to yield a channel noise spec- / trolling the transmitter.34 and generates the" tone P2 by 

_.trum. The output of the block 144 provides both a.signal " controlling the tone generator 26, switch SW.1 and trans- 
power spectrum and a nolsepower spectrum to a com- mitter 34, At the same time, the controller 20 of the call 
biner block 146. The nonlinear distortion Introduced by . 5 ■ modem initializes the rnodule 58 for the detection of the 
the channel Is also measured In block 1 48 by averaging . • phase reversal tone PI according to block 1 70. In block 
the energy atthe null points ofthe signal spectrum which 172, the controller 20 of the call modem waits in a loop 

■ were introduced by the line probing signal. A block 1 50 for the detection of the tone PI by the module 58. 

Is used to hunt for an optimum carrier frequency based : [0043] VVhen the tone P2 is .detected by the module 
on the resultant spectrums. . .10 _ 58 of the answer rhbdem, the icontrpller 20 thereof re- 

[0040] Sirice the goal of the Ffh" processor Is to max- • * spends to the Instructions of block 174 and lhltlates 
Imize the data bit rate for a particular channel according . transmission of the phase reversal tone PI for 1 6T and 
to the estimated characteristics thereof, the number of . : • concurrently starts the f^T counter 74.,Moreover, the in- 
; bits per baud that can be transniitted through the Chan-: ■ . . structlons of, block 176 cause the controller 20 of the 
nel and received by the modem receiver for a gIvenBER..; is answer modem to Initialize the module 58 for the detec- 
is calculated. A 2-tap DFE model Is constructed and . tlon of the tone P2 after 1 6T and, then, cause the trans- 
based on the channel noise spectrum, the noise at the : mitter to transmit zeroes during which time it. waits in a 
output of the DFE model, for unit signal is also calculat- decisional loop according to the block 1 78 forthe recep- 
ed. The DFE model (linear) noise, the nonlinear noise tlon and detection of the tone P2. After PI is detected 
and the signal level of the various spectrums sire weight-. 20 by the module 58 of the call modem (block 172), block 
(Bd and combined In block, i 46 to obtain the total noise • " 180 is executed by the controller 20 thereof which gov- 
at the input of the receivers decoder. The signal to noise ems the transmission of the tone P2 fori 6T after waiting 
ratios are established In blocks. 152 and 154. In block : for a delay period of 64T Concurrently, the controller 20 
156, the total, noise including distortion above the re- . . of the call modem initializes its FFT processortojDerfprm 
ceived and echo signals are computed, and scaled to. 25 . an estimation of channel characteristtos based on re- ' 
vunity. In block 158, the:bits/baud Is then cbrnputed from ... • ceived echo sigrial or signals. The detection of tone P2 :: 

■ a fourier series approximation of "the decoders signal to by the answer modem causes the receiver 60 thereof to 
noise ratio. ResultingfrombiocklSB.is an pptimumcar-.:. . stop the NT counter 74, and the.controller 20 to initialize 
,rier frequency baud rate, and data bit rate within the de- . v . the FFT processor 80 therebfito perform a channel ^s- 
sired data bit.rate range provided from th"e controller 20, 30 timation based on the received line probihg chirp isignal, 

■ In block:1 60 the resultant infonriation Is packed^^ In blocks 184:ahd'l86, the sam4 line probing. process 
ticularfonnat for providing It to the other itiodenn as will / is perfonrjed as descHbed supra except that the call mo 
be fully understood from the description herebelow. / • dem now is transmitting the line probe chirp signal and- 
[0041], In the decision logic block 84, afinal decision.. perfonning the estimated channel characteristics based 
algorithm chooses between ^ the selected and received 35 on the echo signal thereof and the answer modem is 
parameters of carrier frequency, baud rate and data bit ; . .performing the estimation of a channer characteristics 
rate. in accordance with a predetennlned criteria, the... based on the received line probing chirp signal. In the 

..:crlterla used by the present embodirrient in choosing be- ; " . present embodiment, this channel estimation lineprob- 

tween the selected and received easier frequencies ; ing procedure takes approxirnately 1.8 secorids. : 

baud rates and data bit rates, Is one of less than or equal i : 40 . [0044] After perfomning the second line probing task, 

to, respectively. . '•'= the selected carrier frequency, baud rate and data bit; 

[0042] After the answer nnodem confipletes the 1 .8 . rate of each of the call and answermodems areprovided 

second line probing signal generation, It completes: the to their respective conti-oller 20 which in turn sellects and 

instructlons of block 124 by disabling the chirp generator = enables the respective DPSK generator 24 to generate 

28 and controls the tone generator 26, switch SW1 and; 45 the learned Infomnation in packets or frames to the other 

transmitter 34 to commence transmission of the tone PI . modem via swItch SWI and transmitter 34. In the block 

for at least 128T. Thereafter, thecontroller20of the an- 190, the controller 20 ofthe ansv/er modem is directed 

swer modem Initializes the module 58 for the.detection . to initiate the.DPSK receiver 62 for the detectlbn.of the;, 

of the tone P2 and then waits in the decisional block 1 64 . ^ transmitted DP sk2 franies from the call modem, = 

forthe reception and detection therepf. In addition, after \ 50 ..[0045J In the present embodiment, a 300 baud DPSK 

the call modem completes the channel estimation- of . : modulation .scheme Is used to exchange the communi- ' 

•block 126 for the received line probing signal;.the con- '. cation parameter, inf 9 nriation between the call and an- . 

troller 20 in response to the instructions of block 1 66 .. swer modems. A carrier frequency of 1200 Hz is used " 

initializes the module 58 for the detection of tone PI and . for DPSK transmission. The DPSK earner is stored in 

waits for the tone P1 to be detected according to the ss memory of tiie coritrpller 20. The data to be sent is eh- 

decisional block 168. During this time, thecall modem coded and modulated by governing the generator 24 by 

Is continuing transmission of zeroes. Upon' detection "of '.■ the controller20 and sent out overthe line .40. Since the • 

; the tone P1. by the module 58, the controller 20 of. the • above method of. modulation (by square wave) may pro- . 
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duce a lot of put of band energy, the canierfrequehcy 
may be stored as a digital prolate spherical wave func- 
tion, to maximize the energy in a narrower band. The 

• DPSK receiver 62, in each case; recovers the timing of 
the signal, demodulates and decodes itahd uhpaclcs the 
Infomiatlbn from the remote modem. The information* 
transferred between the modems consists of the bit rate 
index for each baud rate, the carrierfrequency for each 

t baud rate, the baud rate mask to indicate which baud 
rate is disabled by the host, symmetric bit rate flag and^ 
symmetric baud rate flag. 

[0046] After the aniswer modem detects the carrier of 
. the DPSK2 signal according to block 192, the insfruc- 
itions of block 1 94 are then executed governing the con- 
; troller 20 to terminate zero transmission.and transmit the 
DPSK1 infbmnation while receiving the bPSk2 infomna- 
tion. The call modem shall now look for the DPSKI car- 
rier from the answer modem and then, after detecting 
two frames of DPSK1 infomiation, shall stop transmit- ; 
ting the DPSK2 data and go to an idle state for approx^ 
Imately 20T and then change its carrier fi^eqUency and 
baud rate to the one recommended by the preceding .. 

■ line probing procedure. Accordingly, when the answer 

■ modem detects loss of carrier from the call modem It 
also goes to an idle state for approximately 20t.and 
thereafter sets its carrierfrequency arid baud rate to that 
recommended by the decisional logic block 84 of the- 
preceding line probing procedure.. 
[0047] Note that according to the above described 
method in connection with Fig. 5 the processes of Esti- 
mating channel characteristics and estinhatihg range for 
the call modem to communicate with the answer rriddern 
are combined in a common start tip procedure charac-- 

■ terized by a plurality of successive time segments. For . 
example, there is. a time siegment estinriatlrig the range 
NT of the call modem, another time s^grnerit for esti-. 
mating signal characteristics of a channel for.the. call 
:modem while concurrently estimating echo characteris- 
tics of the channel for the answer modem, another tlrhe 
segment for estimating range NT of the answer modem. 
and yet anothertime segment for estimating signal char- 
acteristics of the channel for the answer modem all con-: . 
cun:ently estimating echo characteristics of the channel 
for the call modem. In the present embodimeht, these 
four time segments are perfomried successively. The 
foregoing described method also provides for a fifth suc- 
cessive time segment In which the call and answer mo- 
dems exchange learned Information for making final de- 
cisions. 

[0048] The next portion of the start up procedure to 
be described (see Fig. 6) Is a training sequence for train- 
ing the receiver and echo canceler of each of the call ■ 
•and answer modems. This training sequence is consid- .. 
■ered well known and outlined in the V.32 and V.32b!s 
specifications and not considered in any way a part of 
:the present Invention except that the training sequences 
are perfomned based on the recommended earner fre- 
quency and baud rate learned from the preceding por- . 



. . tlon of the start up procedure described in connection 

. with Fig, 5. Thus, the description of this procedure ..will 
not require great detail, but rather just a brief pvervjew:: 
: : The procedure for the most part Is currently being used- 
5 iri the modem 2264; marketed by Codex Corpioratibh/: 
' Portions of the procedure. are also described In the U.; 
S. Patent 4,987,569 Issued January 22, 1991 and as- 
signed to the same assignee as the present applicatiori: 
In describing this procedure reference will be made to 
,J0. Figs. 3,. 6, . 13B and 14B. .With regard to .the fuhctibriah 
:block diagram embbd|ment.'Of Fig. 3,: the ECQj and 
CHIRP signals are generated bythe chirp generator 28, 
the TRN signal Is generated by the train generator "30 
. and the rate signals R1 , R2 and R3 are generated>y a 
15 tone generator ais are the tone signals S arid S .(Pleaise 
confinm?) 

[0049]. Starting with the answermodem, after the car- 
rier frequency and baud rate have been changed to the. 
preferred numbers, an. optional task IR may be per- 

20, formed to calculate a secorid or third far end echo of the 

. networlicfor use In echo cancellation. In the present em^.. 
bodlmeht, this task Is not contemplated. The next task 
is the echo canceller quick train' (ECQT) which is. per- 
formed In accordance with the Instnjctlons of block 204. 

25 More specifically, a special chirp signal is transmitted by 
the answer nhoderti for approximately 2 NT iand a fast, 
train or instantaneous train of the echo canceller thereof . 
is perfomried based on the echb.of the chirp signal. In. 
block 206, a. tone, signal S is transmitted fol-.app roxi-; 

.30. mately 256t and then the jDhase reversal S is transmit- • 
.•ted for.a 1 6T. Ihimediately thereafter, a speciai;chiip se-: . 
■ quence Whlch is used to quickly train the :equali2er of 
block 60 of the: receiver Is transmitted for 1 44T. Nexti-in 
block 2p8'a slgnal TRN is transmitted for 2048T which 

35 • Is used by the call modem to further train the equalizer 
: of block 60 and the echo signal thereof by the ariswW 
modem to further tralri Its echo canceHer Thereafter, a 
special rate signal Rf.is transmitted and during this time 
the answer modem waits to detect an S signal frdni the ' 

-^o. call modem in the decisional block 21 0. When the S slg- 

. ; : nal js detefcted,:the rate signal R1 transmission is temrii- 
• ;:;.,nated and the answer modem commences transmlttihg- 

• - zeroes according to the instructions of block 212. The 
answer modenri then detennlnes whether or not the S 

^ signal exists longer than or equal to MT and if so, it Ini^ 

. : ; . tializes Itself for detection of the phase reversal S signal 
. in blocks 214 and 216. During this time the answer mp-' 
dem is continuing to.transmit zeroes. Once the signal S - 
. \ Is detected In the decisional block 21 8; the block 220 is. 

50: next executed to initialize the answermodem to perform 

- : an equalizer fast train with the received chirp signal from. 
. the call modem fori 44T according to a well known DFT 
algorithm. Thereafter, the aniswer modem perforins a 
furtherequalizertraining according to a well known least 

55 means square (LMS) algorithm for 2000T based on the 
received TRN signal from the call modem In block 222. 
[0050J In the next Instruction block 224, the answer 
modem initializes itself for the detection of a specia! rate 
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signal R2 transmitted from the cail nnodem. Once th^ 
: signal R2 is detected in blocic 224, the next mstructional. 
block 228 is executed and causes the answer modem 
to transmlt.first the S tone for 256T, second the S tone 
for 16T, and then the TRN trainihg signal for 51 2T. 
Thereafter, according to the instructions of block 230, 
the answer modem commences transmisslon of a spe- 
cial rate signal R3 which includes the infomnatlon of a 
selected communication rate upon which both call arid. 
; answer modems can agree on, I.e. common to bpth 
. based on the maximum rate that they, can operate at. Af 
the same time, the answer modem Initializes Itself for 
the detection of a signal El indicative of the call modem 
agreeing to the selected rate. Once the signal El is de- . 
.tected in the decisional block 232, the answer modem . 
temninates the transmisision of the rate signal R3 and - 
transmits the signal E2 for 8T which is an Indication to 
the call modem that the selected rate Is accepted; 
Thereafter, the answer modem transmits a frame of 
channel coefficients CC2 for 64T according to the in- 
structions of block 236 and then transmits scrambled bi- 
•nary zeroes B1 for 256T according to the Instructions of 
block 238, followed by the transmission of a flag F2 com- 
posed of a predetennlned baud/bit pattern. Thereafter, 
the answer modem Is enabled for exchange of data^ 
based oh the recomnriended carrier frequency, baud- 
rate and data bit rate determined in the foregoing de- 
scribed learning process. 

[0051] Concun-ently, the answer modem, after trans- • 
mitting the E2 sequence according to. bI6cl< 234, initial- 
izes itself to detect channel coefficients CC1 frorn the 
call riiodem in block 242. Once the signal CC1 Is detect- 
ed according to the decisional block 244, the answer : 
modem initializes itself for the detection of a flag.F1 in ; 
block 245. Once the signal F1 is detected accoi-dlng to . • 
the decisional block 246, the answer.modem' Initializes 
. Itselfto receive data and receives dat^ based on the rec- ; 
ommended rates in blocks 248 arid 250. 
[0052] Now for the call modem. After. setting: the se- . 
lected parameters in block 202, the call rnoden) waits In . 
a loop according to the decisional block 252 to detect 
an incoming S signal sequence from the answer modem 
In order to proceed with the training of Its receiver and 
echo canceller. After detecting the S signal, the call nio- 
dem initializes Itself to detect the S signal in block 254 . 
. and waits for reception of the S signal in block 256. After 
S is detected, the call modem initializes itself for and 
perfomis an equalizer fast train Utilizing the chirp signal 
transmitted by the answer modem for 144 t which Is' 
accomplished according to the instructions of block 258. 
Thereafter, the cail modem perfomis an equalizer train- 
ing according to a least mean square (LMS) algorithm 
for 2,000 T using the received TRN signal from the an- . " 
swer modem using the block 260. Next, in block 262, • 
.the call modem initializes itself for detection of the rate ; 
signal R1 and waits- in a detection loop at decisionat . 
.block 264 looking for three consecutive frames which 
.identically match in order to start transmitting the S sig- 



nal sequence. Upon detection of R1 by bjbck 264, the 

call modern, In block 266, transmits an S sequence for: 
a period equal to the round trip delay measurement MT 
The IR task segment may be included In the procedure 

• 5 at this time. Thereafter, in block 268, the call modem- 
may transmit the echo canceller conditioning signal for 
a period of 2 MT in ondei* to perform a fast train echo 
canceller task based on the received echo signal there- 
from. Next, in block 270, the transmitter of the call mo- 

10 pern shall transmit an S sequence .for a period of 256 T. 
ifollowed by a phase reversal secjuence for .16T The 
phase reversal serves as a tirrie riiarker to train the. 
equalizer. The transmitter next transnriits a periodic 
CHIRP sequence for 1 44 T as part of the receiver con- 
's ditionlng signal. 
. -[0053] In block 272, the call' modern transmits the 
TRN signal segment which is a sequence of scrambled 
binary 1's for a period of 2048 T, and then commences 
transmission of a rate signal R2 to indicate the available 

20 data rates In the call modem. The signal R2 takes into, 
account the previously received rate signal R1 and may . 
also take into account the likely receiver performance 
forthe connection. If the connection Is unacceptable, the 
call modem may transmit a GSTN clear downcode. The. 

25 transmission of R2 shall continue until the reception and 
detection of the incoming rate signal R3 frorn the answer 
' modem. During the R2tranj5rriissiori; the call modem de- .* 

■ " tects the signal S from the answer modem in the deci- ,. 

; • jJsional block 274 and initializes for the .S/ § time mark 

30/' transition in the block 276.and. waits for the time niark ( 
. detection in the decisional block 278. Once the trarisittori 
is detected, block 280 is executed to govern.th'e.recep- 
. tion of the TRN signal from the answer nnodem for use 
In fine tuning.the receiver of the call modem and then ': 

35 = the call modem is initialized for the. rate signal R3 detec- 
, tibn. The call mpdeir). waits for R3 detedldn in the deci-.. 
sional block 282 and once detected, the call modem 
transmits a 16 blt;sequence E1 indicating it agrees with., 
the data rate I nfonnati on provided jt by the answer mo- 

40 . dem In the rate signal R3. 

[0054] After transmission of the El sequence, the cal! 
mpdemtransmlts one frame' of channel coefficients .CC1. 
for 64 T in block 286 and then transmits scrambled bi- 
nary zero's Bi for 256 Tin block 288, Thereafter, in block 

^5 290, the call modeni Is governed to transmit a flag F1 . 
composed of a dibit pattem 11, and then proceed to 

■ transmit data at the agreed upon , rates of the E se- 

; ,: quence. The scrambler and encoder 32 Is Initialized at 
this time. If, however, the rate signal R3 calls for a GSTN 
.50 clear dovyn, the call modem disconnects from the diah 
line and effects a clear down. :. 
[0055] Concurrently with the transmission of the 001 
signal, the call modem is initialized to detect the E2 se- 

■ quence from the answer modem In block 292. Once E2 
.55. is detected In the decisional block 294, the cail modem 

. is Initialized for the detection of the channel coeffteients - 
• 002 from the answer modem in block 296, When 002 
:- is detected in the decisional block 298, the call moderii 



15. 

Is initialized fortlie detection of the fiag F2 Jn btbcl<:306: 
After tiie flag F2 Is detected in blocl< 302, the call modem 
is initialized In blocks 304 and 306 to receive data. and 
receive data according to the preferred parameters pre- 
viously learned. ^ : ' ' 
[0056] During the period of data: communication over 
the communication media between the call and answer 
modems, a retrain request may be initiated by either mo- 
' dem for a plurality of reasons; For example, If either mo- 
. dem detects unsatisfactory signal reception, like loss of 
equalization, for example, a retrain shall be initiated to .: 
reassess the connection which may or rnay not include 
the line probing learning process. Another reason may 
be If either of the modehns determines that.the quality of 
the connection is good enough to attempt to increase' 
data bit rate for which only a quick retrain may be need- 
ed. In the present embodiment; a tone using the signal 
states A, B, C, and D Is used to Initiate retraining and 
request the desired start up procedure. The signal 
states A, B, C, and D are separated by 90 degrees and ■ 
reside at the respective phases 210, 300, 30, and 120 

■ for the present embodiment. In describinig the retraining . 
procedures in accordance with the present invention, 
reference will be made to FIGS. 7-12. 13D and 14D: In 

• the modem embodiment described in connection with . 

' FIG; 3, the tone generator 26 will generate the tories ' 

: and the tone detect module 58 shall be programmed to, 
recelye and detect the tone sequences in accordance , 
with instmctlons from controller 20. • 

: [0057j FIG. 7 represents a tinie segmented signal 
•flow between a call and ansiwer modernJn which retrain 
and line probing are initiated and requested, respective- 
ly, by the call modem. Initially, both of the call modem 

■ and answer modem are exchanging data according to 
blocks 310 and 312 and are waiting in a loop to deter- 
mine whether or not to request a retrairi In decisiorial 
blocks 314 and 316. When the call rtiodem detects an 

" unsatisfactory signal reception, if shall transmit the tone; 
In the sequence ADCB in block 318 and wait in a loop . 
In accordance with the decisional block 320 for the de- 
tection of the signal sequence ABCD froni the answer 
modem. Concun-ently, the answer modem is waiting for . 
reception of the signal sequence ADCB in decisional 
block 322 and when that signal sequence Is detected, 
the answer modem delays for a period of at least 128 T 
in block 324 and then transmits the signal sequence AB- . 
CD for at least a period of 256 T in block 326. 
[0058] When the call modem detects the sequence 
ABCD in the decisional block 320, it decides whether or 
not it desires a line probe retrain in block 328;.Since this 
is the case in the present example, the call modem ter- 
minates transmission for a period of approximately 20 
T and then changes its symbol clock T to 2400 Hz to 
begin executing at the start of the program described in 
connection with FIG. 13A commencing with the trans- 
mission of the tone P2 in block 102. Since the answer- 
modem Is not requesting a line probe retrain, Its decision 
of block 330 causes program flow to execute the instruc- 
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tions of block 332 which initiates transmission of the'sig- 
nal sequience BCDA. During the time the answer mo- 
dem is transmitting the signal sequence BCDA,. it awaits 
detection of either a signal sequence DCBA or the tone 
. P2 in the decisional block 334 or the detection of a loss 
of carrier In the decisional block 336, In. the. present 
case, the detection of the tone P2 returns the program 
to the start of the prograrhrning sequence described Iri 
14A with the commencemerit of the tone PI after a pre- 
determined period of silence. Thereafter, the; line. prob- 
ing and ranging training tasks ar'e-carried put In/accord- 
ance with the Instructions of FIGS. 13A-C and 14A-C as 
described hereabove. ... • 
[0059] In the example of FIG. 8^ the call rribdem lhlti- 
ates the retrain procedure, but the answer imodeni re- 
quests the line probing training sequence'. In this. exam- 
ple, the call modem will execute the blocks 310, 31 4, 
318, and 320 as described above and similariy the an- 
swer modem shall execute the blocks 312, 322; 324, 
and 326; But since the answer modem is the modem 
which is requesting the line probe retrain, It shall transfer 
its program execution via the decision block 330 to the 
start of the program of FIG. 14A wherein it commences 
transmission of the tone PI after ceasing transmission 
for approxihnately 20 T. The modulation clo^ckT is. 
changed to 2400 Hz for the transriiiission for the tone 
PI. The call modem awaits the detection, of either the 
tone sequence B, C/D. A or the tone Pl in the decision 
block 340 as well as a loss of earner in the decision block . 
342. jnthepresentcase, when the tone PI Is detected, 
the call mbdenri transfers program execution to the start ; 
of the training sequence of FIG. .13A in which it -com- " 
mences transmission of the tone P2 iri block 102 after, 
a silence, period of approximately 20 T. Note that the 
modulation clock is changed to 2400 Hz for the trans- : 
nnission of the torie: signal P2. Thereafter, the call ;m9- . 
dem and answer modem will proceed through the train- 
ing sequence of FIGS. 13A and 14A. ' 
[0060] ; In the exahfiple of FIG. 9, the call modem is in- 
itiating retraining niost likely as a result of the posslbiiity 
that the quality of the line connection Is godd enoiigh to 
sustain a higherdata bit rate, but no line probing training 
sequence is requested. Once again, the call modem ex- 
ecutes the blocks 310, 314, 318, and 320 and the an- 
swer modem executes the blocks 312, 322, .324, and 
326. When the call and answer modems reach the de- 
cisional blocks 328 and 330, respectively,. neither Is re- 
questing a line (3 robe retrain. Therefore, the answer riio- 
dem transmits the tone sequence B, C, D,.A in block 
332 and starts the rangie counter NT. Thereafter, the call 
moderri detects the tone sequence BCDA Iri block 340 
arid delays for a period of i256 T +/- 2 T in block 344. 
During the delay, the call modem tests for earner loss in 
block 346 and if carrier loss Is detected, program exe- 
cution is transferred to the start of the program of FIG..' 
13A. With no carrier loss and after the delay of 256 T, 
the call modem transmits the tone sequence D, C, B, A 
in block 348 and awaits the detection of the tone se- 
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' quence C, 0, A, B from the answer modem in the deci- 
. slonal block 350. In turn, the answer modem detiects the 
tone sequence D, C, B, A in block 334 and stops the 

• range counter to compute the range NT In block 352. 
The answer modem next waits for a delay of 256 T +/• ; 
2 T and then transmits the tone sequence C, D, A, B. In 
decisional block 354, the answer modem awaits detec- 
tion of the tone sequence D, C, B, A from the call mo- 
dem. Concurrently, upon the transmission of the tone 
sequence D, C, B, A in block 348, the call modem starts . 
Its range counter MT and with the detection of the tone .. 

•.sequence C, D, A, B In block 350, the call modem tef:' 
minates transmission of the tone sequence D;.C,. B, A 

/and computes the range MT In block 356. Thereaften . 

*1he program execution of the call modem is transferred 
to the start of the quick retrain sequence of FIG. 13b 
omitting the line probing and ranging tasks of Fig. 13A.1 
Simultaneously, the answer modem detects the tone se- . 

* quence D, C, B, A In block 354 and terminates transmis- 
. sion for the tone sequence C. O.. A, B in block 355 and 

retums program execution to the retrain sequence at the 
start of the program of FIG, 14B also omitting the line 
•probing and ranging tasks of . Fig. 13B. 
[0061] Intheexamplesof Figs. 10, 11 and 12,thean-' 
swer modem is the modem which is initiating a retraining . 
sequence. The exarnple of Fig. 10 is one in which the 
: answer modem detects an unsatisfactory signal recep- 
tion and not only terminates data communication, but. 
also initiates both retrain and line probing sequences./ 
rReferringto Fig. 10,theblocks31.2and316areexecut-. " 
.ed resulting in the transnhission of the tone sequence ' 
ABCD'ln accordance with the instructions of block 358. 
The answer modem then waits for the reception and de-. : 
tectlon of the tone sequence ADCB from the call modem.; : 
in the decisional block 360. Simultaneously, the call mo-.- 
dem is awaiting detection of the tone sequence ABCD 
in the decisional block 362 and when detection is made, ; 
a delay of at least 128T is activated in block 364 and 
thereafter, the call modem transnriits the tone sequence 
/ADCB In block 366: Upon detection of the tone se- 
: quence ADCB in block 360, the answer modem; which 
;is not requesting line probe retrain, executes the block 
:332nextto cause the transmission of the tone sequence ; 
BCDA after a delay of approximately 256T and then 
waits for the detection of either the tone sequence 
DCBA or the tone P2 in the decisional block 334 or loss . 
of cam'er (block 336). Concun-ently, since the call mo-; 
dem Is requesting a line probe retrain,. program execu- /. 
tion Is diverted from the decisional block 328 to the start 
. of the program in Fig. 1 3A in which the.tone* P2 is trans- 
mitted aftera silence period of approximately 20T. The 
symbol for modulation clock is changed for the trans- ' 
mission of P2 to 2400Hz. When the answer modem de- 
tects the tone P2 in the decisional block 334, It diverts 
program execution to the start of the program of Fig, 1 4A * 
In which the tone PI Is transmitted after a silence period 
of approximately 20T at the new symbol or modulation 
clock of 2400Hz. Thereafter, both the answer and. call 



modems continue program execution as described. In 

' " connection with Figs. 13A and i4A.. • 

[0062] In the example of Fig. .1 1 , It is the answer mo- 
dem that is requesting a line probe retrain; therefore, 
.5 after detecting the tone sequence ADCB in the decision- 
al block 360, the answer modem divierts the program 
execution via block 330 to the start of the program of 
. Fig. 14A as described hereabove. When.the call modem 
: detects the tone P1 in the decisional block 340 it dIvertS; 
'^0 - program execution to the start of the program of. Fig. 1 3A 
■ after delaying for a period of 64T. thereafter, both the 
call and answer modems operate in accordance wlth the; 
program execution of Figs. 13A and 1 4A. ' • 
. [0063] In the example of Fig. 12, no line: probe retrain • 
-'5 Is requested by either the .caH. and answer modem. . 
Therefore, the call and answer modems shall go through 
. the same sequence for computing their respective rang- 
.. es MT and NT as described hereabove in connection 
with the example of Fig. 9. Thereafter, program execu- 
20 tion for both the call arid answer modem will proceed 
• starting at the Figs. 13B and 148 omitting the training 
•• sequences of Fig's. 13A and 14A. 
• .[0064] Another aspect of the present invention in- 
.. voives the data comnriunication between a call and an- 
25 swer modem over a primary communication media cbn- 
• "nection, like a leased line of a telephone hetworic, for 
example; wherein a failure in the connection Is detected. 
■■ Nomialty, the primary connection would be switched tp; 
; rja secondary connection like a dial-up line ofa telephohe 
30 o|netw6rk as p4rt of .the.GSTN. Howe^^^ in 
which the carrier frequency, biaud rate and data. bit rate . 
parameters of the communication have been optimized 

• in accordance with the above described learning proc: 
ess, It is not adequate to select any secondary connec-.- 

35 : tion, but rather important to pr^equalify the cbnnectiori so . 
as to maintain the optimum parameters in continuing da- . 
ta communication between the call and answer mo- 
dems. 

[0065] Therefore, this aspect of the priesent invention. 
^0 deals with prequalifying a secondary connection of a 
predetermined plurality of secondary connections with' 
regard to the optimized communication jDarameters pri- 

• or to affecting the switch over. Likewise, when operating ■ 

• over the qualified secondary connection, it is desirable. 
^5. to test and qualify the primary connection in order to re- 
store comrtiunlcation over the prirnary connection at 
some later time. This method.shall be described in con- 

, . nection with the flowchart of Fig. 15. The process of . 
switching from a primary connection to a secondary con- 
50 nection and restoring the priniary connection is consid- 
ered well known and will not be described.in detail in the . 
instant application. 

[0066] Refenring to Fig. 15, the niethod starts ik. the- 
decisional block 370 whei-e it is determined whether or^ 
55 : .nottherelsafailureintheprimarycommunicationmedia. 
connection over which the call and answer modems are 
presently communicating. When a failure is detected, 
.the block 372 is next considered in which a first of the 
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plurality of secondary connections is qualified according • 
to the embodiment described in Fig. 5 and flowcharts 
. Figs. 13A and 14A. If It is determined that thie selected 
secondary selection can support communication at the 
desired combination of carrier frequency, baud rate and . .5 . 
data bit rate, it Is accepted by the decisional block 374; .- . 
othenvise, the next secondary connectibn.of the plurality 
is qualified and detemnined whether or not acceptable 
according to the same criteria in block 376. Once the ; • 
secondary conniection is accepted, communication be- -lo - 
tweeh the call and answer modems are swjtched to the. . 
secondary connections from the primary connection in 
block378 and thereafter, communication continues over 
the accepted secondary connection. Thereafter, the pri- . 
rtnary connection is tested and qualified in accordance ■ -l^ 2. 
with the sarne procedures, i.e. Fig. 5 and Figs; 13A and 
14A,inblock380. And if found to support the afpremenv . ' 
tioned combination of communication parameters at 
some later time, the primary connection is considered 
accepted by decisional block 382 and as a result of the 
acceptance, cdnrimuhication between the call ahd an-; . 
swer moderins is restored to the primary connection in 
block 384. And the method procedure continues back 
at the decision block 370 as described hereabove. 
[0067] It is understood that in connection with this last J 
aspect of the present invention, the call and ansiwer mo- - 
dems might may be either 2 or 4 wire modems, however,. ; 
in the case of a 4 wire modem there is no need for con- 
.sidering channel characteristics with respect to echo 
transmissions. Therefore, that part of the learning sis- • 
quence may be omitted. . . . ' 
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Claims 

1 . A two-wire modem for communteating.with. a Iremote 
modem over a communication medium, the two- 
wire modem having a. transmitter for transmitting ; 
signals onto the communication rriedlum, a receiver 
for receiving signals from the communicatlor) medi- 
um ; a line probing processor f or sending and receiv- 
ing line probing signals, and an echo can ce Her for 

. . cancelling echoes in the communication medium, 
the two-wire modem characterized In that th^ line 
probing processior comprises: 
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means (34) for transmitting for a fil'st. predeter- 
mined time Interval a first line probing signal of . 
varying frequency cohtent over said cbmmuni- : 
cation media; \5o 4. 

means, (38) for receiving at least one echo sig- 
nal of said first lirie probing signal from said . ; 
communication media in said first predeteh- ■ 
mined time interval; 

means (38) for receiving a second line probing -55 - 5; 
signal of varying frequency content from siald • : 
communication media in a second predeterr: . 
mined time interval; 



means.(80) for estimating signal characteristics 
of the communication nriedium based on an 
• analysis of said received second line probing 
. signal; *. . 

. means (50) for estimating echo characteristics 
of the communication- riiedium based on an' 
analysis of said received at least one echo sig-, 
• nal of said first line probing signal; and 
means (84) for selecting a carrier frequence/ 
and a baud rate from anipng a plurality of carrier 
■ frequencies and baud rates based on said es- 
. timates of the signal and echo characteri$tlcs 
. . of the communicatio ri medium. 

The two-wire modem in accordance with claim. 1 
wherein:. . " ■ 

the estimating means (50) includes means for 
computing a signal-to-noise ratio over a prede- 

... tenriined frequency spectrum from said re^ 
ceived second line probing signal and an echo- 
to-nblse ratio over the predetemiined frequen- 
cy spectrum from .said received at least one 
echo signal and, where selected, the means for 
computing, includes a. Fast-Fourier Transfonn 

i .. (FFT) processor; and wherein the- -iselectihg ' 
. means (84) includes means for detenmining at 
Meast one. desirable communication frequency 
•• band of the communication rtiedia within the 
predetermiried frequency spectrum based ori 

; : : the computed slgnal-to^noiise arid echo-tb- 
noise ratios and for selecting the carrier fre- 
iquency and baud rate based on said at least . 
one desirable communteation frequency band.- 

.the two-wire modem, in accordance with ciainri 1 
wli^reiri the first and second line probing signals in^ 
elude a chirp signal ranging from a first frequency 
to a second frequency which Is repeated a plurality: < 
of times over said respective first arid .second pre-; '' 

■ 'd^tenri.ined time intervals; and wherein the estimat- 
ing means (50) include means forestinriating an av- 
erage of the signal characteristics, based on an 
analysis of the repetitive chirp signal of the second 

,;ilrie probing sl£jnal, and means for estirnatirig an ay-. 

.:erage of the echo characteristics, based on an anair 

. ysis of the repetitive chirp signal- of the echo of the 

•first line probing signal. ^ • ' 

The two-wire modem in accordance with, claim 1 
wherein the selecting means (84) includes means 
for selecting the carrier frequency and baud rate \ 
based also on at least one desired data bit rate. ' ' 

The two-wire modem In accordance with claim 1 
wherein the estimating means includes means (80) 
! for estimating signal characteristics, including non- 
linear signal distortion of the communication media;- 
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•and means tor estinriating echo charadteristics; in-\ ;:^ 
eluding nori-Iinearities in at least one echo path of 

. the first line probing signai; in the communication . 

;.:niedia. • • • 

' . . " ' /■ • . . ■ - * '"^'"i-^^ 5 * 

*.The;two-wire modem. in accordance with claim' 4 . 
wherein the means (84) for selecting the earner fre- 
quency and baud rate includes means for receiving 
. information from the other modem, said infbmiation 
, Including a carrier frequency, a baud rate arid a data • v 
bit rate at which the other modem ex ji^cts to cdm^ 
• municate. and means for deciding which of the se- : v ' 
. lected and received cam'er frequency, baud rate 
and data bit rate will be ultimately used by the two^ " 
wire modem In communicating with the other mo- : i5 
. dem over the communication media. 

A method of selecting a carrier frequency and a 
baud rate for communication between a call modem 
and an answer mpdem over a channel of a commu- 20 
nication media, the channel Introducl^ng a round trip . 
delay, also referred to as range, between the. call, 
modem and the answer modem, said carrier fre- ; 
quency and baud rate selected during a conrinhon 
start up procedure having a plurality- of siiccessive 25 
time segments, the method characterized by the : 
■steps of: > 

■ transmitting (34) a first signal of varying ffe- 
quency eonfent bv^r said chanhei in ope time . . 
segment;.- 

receiving (38) at least one echo signal of s'^tld. 
first signal from said channel; 
receiving (38) a second signal of vaiying fre^ . • 
. .. quericy content over said.channe! in a second .35" 
time segment; 

estinriating (122) a range for one of the call and ; 
answer modiems in said one time segment of • 
the plurality of successive time segments of the ; 
start up procedure; - 40 
estimating (124) signal characteristicis of the 
. channel for the one modem based on an anal- 
ysis of said received second signal In said sec-; • 
ond time segment qf said plurality while concur- 
rently estimating .echo, .characteristics of the 45 
channel forthe other of the call and answer mo- 
dems based on said received at least one echo 
signal of said first signal; 
transmitting (34) a third signal of varying fre- 
quency content over said channel in a third time so 
segment; . 

receiving (38) at least one echo signal of .said 
third signal from said channel; 
receiving (38) a fourth signal of yarying fre- 
• quency content over said channel In a fourth: ss 
time segment; 

estimating (182) a range for the other modem 
in said third time segment of said plurality; and 



; estimating (184) signal characteristics of the " 
channel for the other rhodem based on ah anal- 
. : • ysis of said received fourth signal in said fourth 
.; time segment of said plurality while concun^entr 
ly estimating echo cliaracteristics of the chan-- 
; nel forthe one modem based on said received 
• at least one echo signal of said third signal; 
. ; selecting a carrier frequency and baud rate for. 
; the call modem based on the estimated signal. 
. and. echo channel characteristics thereof; and. V 
. selecting a carrier frequency and baud rate for 
the answer modem based on the estimated sig-; 
: nal and echo channel characteristics thereof. 

8. The method lii accordance with claim 7 wherein the 
one; second, third and fourth tirhe segments are 
successive In the start up procedure and wherein 

• .the one modem Is the call modem and the other mo- 
dem is the answer modem. 

9. ;:The method In accordance with claim 7 Including 
/•the steps of : 

• : ' . exchanging the infomiatlon of respective carri- " 
erfrequenc^.and baud rate over the communi- 
cation media between. the call arid answer mo- 
dems; and 

detemnining a carrier frequency and baud rate 
for each of the call and/answer. modems from 

• v ' the selected, and exbhanged carrier frequen- 

cies and baud rates, i'espeetively. 

10. The method in accordance with claim 7 further in- 
cluding the steps of: 

S . training a: receiver and echo canceller b^ 
. ; • of the call and answer modems by:exchanging 
. signals therebetween over the corhmunicatibn 
. . nriedla at the respective detertnined carrier fre- 
. . quency and baud rate thereof; and 

. exchanging data between the call and answer 
./ modems over the communication channel at 
. ; the respective determined earner frequency 
"i'. and baud rate thereof. 



Patentansprilche 

1. • Eln Zweidrahtmodem zur Kommuriikation mit ei^ 
. nem entfemten Modem iiber ein Kommunikatibhs-.- 
niedlum, und das Zweidrahtmodem eineri Ubertra- 
■ ger zur Ubertragung.von Signalen in das Kommu- ' 

. nikationsmedium, eirien Empfariger zum Empfahg ; 
. ; von Signalen aus idem Kommunikatlonsmedium, el- 
nen Prozessor zur LeitungsprOfung zum Senden : 
und Empfangen von Lettungsprufsignalen und ei- 

. ./nen Echobeseitiger zur Beseitlgung von Echos im 

- ;. . Kommunikationsmediurn hat, und das Zweidraht- 
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modern dadurch gekennzeichnet lst,;dass der 
Prozessor zur Leitungsprufung folgendes aufweist: 

Mittel (34). zur Ubertragung elnjes ersten; Leir 
' tungspmfsignais mit veranderltchem Pre- 
. quenzgehait Qber das Kommunikatiohsmedi- 

um In einem ersten vorherbestimmten Zeitln- 

tervall; 

Mittel (38) zum Empfang von wenigstehs einem 
/ Echosignal des ersten Leitungsprufsighals aus . 
dem Konimunlkationsmedlum Im ersten vor-. 
herbestimmten Zeitintervall; 

. ; Mittel (38) zum Empfang eines zvyeiten Lei- 
: "^^^tuhgsprufsignals rriit veranderiichem Fre- 
. 'quenzgehait aus dem. Kommunikatlonsmedl- 
um in einem zweiten vorherbestimmten Zeitlh- 
, " : tervall; 

Mittel (80) zur Abschitzung von Slgnalkehrida-.-: 
ten des Koitimuhikationsrriedlums;. basierend 
auf einer Analyse des erripfangenen zweiten 
. . . Leitungsprufsignals; 

/ " -Mittel (50) zur Absch§tzung von Echokenndar ' 

teh" des Kommuhikatlonsmediums, basierend 
' '■■ : auf einer Analyse des .wen igstens einen emp-. 
V fangenen Echosighals des ersten Leitungsr.. 
: • piiifslgrialis; uhd . - • . • 

Mittel (84) zur Aus wah I einer Trigerfrequehz; 
. : und einer Baud- Rate aus einer Vielzahl yon - 
: Tragerfrequenzen urid Baud-Raten, basiererld 
. iV / auf deri Abschatzungen der . Slghar-:^0^ 
. : .! 'Echokenndaten des ' Komrnunlkatlqnsmedl-: 
. ; ums; • ' . : * •;;..,*. 

Das Zweidrahtmodem nach.Anspruch i; bei dem: 

Die Abschatzungsmitte! (50) Mittel zur Berech- 

nung eines Signal-Rausch-Verhaltnisses uber . 

ein vorherbestlmmtes Frequenzspektrum aus 
. dem empfarigenen zweiten Leiturigspruifsignal 
!: und eines Echo-Rausch-Verhaltnlsses uber 
v.das vorherbestimmte Frequenzspektrum atis" 
. denri wenigstens einem empfangehen Echosi-.;. 
. gnal enthalten; und, vyo ausgewahit, die Mittel; 
• zur Berechnung einen Prozessor fur Fast-Fou- 

rier-Transfomnatiorien (FFT) enthalten; und bei 
: v : . dem die Auswahlmlttel (84) Mittel zur Bestlm- 
; mung von wenigstens eiriem wdnschenswer- 

tem Kohimunikationsfrequenzband des Kom- 
.munikationsmediums innerhalb des vorherbe- 

stimrnten Frequenzspektrums enthalten, :ba- 

sierend'auf den berechheten Signal-Rausch- 
. und Echo-Rausch-Verhaltnissen, und ziir Aus^ • 

wahl der Tragerfrequenz und der Baud-Rate, 
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basierend aiif dem wenigstehs einen wQnv 
scheniswerten Kpmmunikationsfrequenzbah- 
des. • . • " • 

Das Zweidrahtmodem hach Anspruch 1, bel.dem 
dle :ersten und zweiten Leitungsprufsignale eIn 
Zwitschersignal enthalten, das sich von einer er- 
sten Frequenz bis zu einer zweiten Frequehz err: 
. streckt, das eihe Vielzahl.von Malen Qber die ersten 
:. bzw. .zweiten vorherbestimmten Zeitintervalle wi&- 
■'.derhblt wird, und bei dem die Abschatzungsmittel ' 
: (50) Mittel zur AbschStzung eines Mittelwertes der 
Signalkenndaten enthalten, basjerend aiif einer' 
Analyse des wiederholten Zwitschersignals des 
zweiten LeltungsprOfslgnals, und Mittel zur :Ab- 
schatzung eiries Mittelwertes- der Echokenndaten, 
basierend auf einer Analyse des wiederholten Zwit- 
schersignals des Echos des ersten Leitungspnufsi- 
gnals. 

. bas Zweidrahtmodenn hach Anspruch. 1 , bei dem 
■ die Auswahlmlttel (84)" Mittel zur Auswahl der.Tra- 
gerfrequenz und der Baud-Rate enthalten, eben- 
faiis basierend auf vyenigstens einer gewQnschteh 
Datenbitrate. 

Das Zweidrahtmodem hach Anspruch .1, bei denfi 
die Abschatzungsmittel (80) Mittel zur Abschatzung: 
yph Signalkenndaten enthalten, einschiieBlich nlch^^^^ 
.llnearer Signalverzerrungen des Kpmmunikatlbns- • 
•mediums, und Mittel* zur- Abschatzung voh'^ 
■Echokenndaten, Nichtlinearitaten eingeschlosseh,;, 
_,in wenigstens einem Echopfad des ersten Leitungs- 
. prufsignals im Komm unikatiqnsmedium. 

"Das Zweidrahtmodem nach Anspruch 4, bei" dem : 

• die Mittel (84) zur Auswahl der Tragerfrequenz urid 
•der Baud-Rate Mittel zum Empfang von Infomnatip- 

nen vom anderen Modem enthalteri. und diese In- 
fomiatipnen eine Tragerfrequenz, eihe Baud-Rate 
und eine Datenbitrate enthalten. bei def- das andere 
Modem erwartet, zu kommiiriizieren, und Mitteizur 
Entscheidung, welche derausgewahlten und emp* 

• fangenen Tragerfrequenzj Baud-Rate und Datenbi- 
trate ietztendlich vpm Zweidrahtmodem bei der.: 
Komhiunikation mit dem anderen Modem uber das 
Kommunikationsmediuni venvendet wird. 

Ein Verfahren zur Auswahl einer Tragertriequenz 
und. einer Baud-Rate zur Kommunikation zwischeh" 

. einern anrufendem Modeni und einem antworten- . 
den Modem uber einen KanaI.eines.Kommunikati- . 
onsmediums, und der Kanal eine.Umlaufverzoge-: 

: njrig, die auch ats Entfemung bezeichnet wird;zwP- 
•schen dem anrufenden Modem und dem antwor-- 
tenden Modem einfugt, und die Tragerfrequenz und 
die Baud- Rate wah rend einer gemeinsamen Start-..', 
prozedur ausgewahit warden, die eine Vielzahl von 
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laufeinanderfolgendenZeitsegmentenhat.und das 
Verfahren gekennzeichnet ist durch die foigen- 

den Schritte: • • . ' . : ' ' . ■ 

. Ubertragung (34) eines ersten Signals nnit ver- 
. anderlichem Frequenzgehalt uber den Kanal In". 
• elnem Zeitsegment; 

r Empfang (38) von wenigsteris elnem Echost4, 
gnal des ersten Signals aus dem Karial; 

Empfang (38) elhes zweiten Signals mit verSn-" 
derllcheh Frequenzgehalt iiber den Kanal in el- 
nem zweiten Zeitsegment; 

. Abschatzung (122) einer Entfemung fur eines 
des anrufenden oder antwortenden Modems 
Im ersten Zeitsegment aus der Vielzahl aufejn- 
. ander folgender Zeitsegmente dqr Starlproze- 
■ .s-dur; 

Abschatzung (124). der Signalkenndateri: des 
Kanals fur dieses eine Modem, baslerend auf 
. einer Analyse des Im zwerten Zeitsegment der 
. Vielzahl empfangenen zweiten Signals, wah-. 
. rend gleiehzeitig die Eclibkenndaten des Ka-. 
'nals fur das andere des anrufenden oder ant- 
wortenden Modems abgeschatzt werden, ba- 
sierehd aufdem.wenlgstehs einen empfange^. 
■ nen Echosignal des ersten Signals; ' 

Ubertragung (34) eines dritten Signals mit.ver- 
anderlichem Frequenzgehalt uber den Kanal in 
elnem dritten Zeitsegmerit; . 

Empfang (38) von wenigstehs einenri Echosi- . 
. . gnai des dritten Signals aus denri kanal; ^ 

Empfang (38) eines vierten Signals mit veran- 
. derlichem Frequenzgehalt iiber den Kanal in el- 
nem vierten Zeitsegment; 

^- Abschatzung (182) einer Entfemung fur das 
andere Modem im dritten Zeitsegment aus der 
' : Vielzahl; und 

: : Abschatzung (184) von Signalkerindateh des 
: Kanals fQr das andere Modem; baslerend auf 
. einer Analyse des Im vicrteri Zeitsegment der - 
Vielzahl ehripfangehen vierten Signals, wah- 
. rend gleiehzeitig Echokenndaten des Kanals 
fOr das eine Modem abgeschatzt werden, ba- 
slerend auf dem wenlgstens einen Echosignal 
des dritten Signals; ' 

... Auswahl elherTragerfrequenz und einer Baud- 
. - Rate fur .das anrufende Modem, baslerend auf 
.deh von ihm abgeschatzten Signal- und 



Echokenndaten des Kanals; und " 

■ Auswahl einer Trag erf requenz und einer Baud- 
. / Rate fur das antwortende Modem, baslerend 
, auf den von \\ym abgeschatzten Signal- und 
- Echokenndaten des Kanals. ' 

. Das Verfahren nach Anspnjch 7, bei dem das erste,! 
■zweitei dritte und vierte Zeitsegment iri ; der Starts ^ 

prozedur aufeinander fojgen, undb.ei dem das eine. 

Modem das anrufende Modehn ist Und das andere. 
.Modem das :antwortende Modem ist; 

Das Verfahren nach Anspruch 7, das die folgendenr 
Schritte enthait: ' • 

Austausch der Infomnationen der jeweiligen 
Tragerfrequerizen und der Baud-Raten zwi- 
schen dem anrufenden und dem antwortenden 
Modem uber das Kommunikationsmedlum; 

■ und • 

Bestimmung einer. Tragerfrequenz und einer 
Baud-Rate fur Jedes des anrufenden und ant-, 
wortenden Modems aus den ausgewShiten 
urid ausgetauschten Tragerfrequenzen bzw. ' 
Baud-Raten. 



,. . 10. Das Verfahren. nach Anspruch 7, das welter die? fol- : 
30. • . genden Schritte (Bnthalt: : 

• ; . ' Training eines Empfangers und eines Echbbe-/ 
seitigers fur jedes des anrufenden und antwor- : 
tenden Modems diirch Austausch von SIgnalen. 
35 zwischen ihnen iiber das Kommunikatibhsme- 

dium bei der jieweils von ihnen bestimmten Tra- . 
. . gerfrequenz und Baud-Rate; und 
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Austausch von Oaten zwischen dem ahrufen- 
. den und dem antwortenden Modem iiber den 
Kommunikationskanal bel der Jewells von Ih- 
nen bestlmniten Tragierfrequenz und BaudrRa- 

te. - - V:. 



Reyentilcatlons . : 

1. Modem 2 fi Is pour corhmuniquer avec uh modem: 
distant sur un support de communication, le nriodenri 

. 2 fils ayant un §metteur pour transmettfe des si- 
gnaux sur le support de communication, uh r6c^p- 
teur pour recevoir des signaux. du support de 
communication ; unprocesseurdecontrdledeligne' 
pour envoyer et recevoir des signaux de contrdle 
de ilgne, et un suppresseur d'6cho pour supprlmer 
: les echos dans le support de coriimunication, ie mo- 
. dem 2 fiis caracterise eh ce que le processieur de 
contrdle de Ijgne comprend ; 
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un moyen (34) pour transmettre pendant un 
. . premier intervene de temps pr6d6termin6 un 

premier signal de contr61e de ligne de cpmpo- 
' santesfr^quentielies variables' surjedit support 
. de communication ; • s.- 

un moyen (38) j3our recevoir au moins un signal ' 
• d'6cho dudit premier signal de contr5"le de ligne 

* ■ dudit support de communication dans ledit pre- ' 

mier Intervaile de temps pr6d6termin6 ; [• 
..; un moyen. (38) pour recevoir un second signal . ; . 
de cpntrole de ligne de composantes fr§queri^ • 
"tielles variables dudit support de commynica- . 4; 
tipn dans un second intervalie de . temps . . 
pr6d§tennin6 ; 
\ .un moyen (80) pour estirrier des caract6ristl- ..75 
ques de signal du support de communication 
basees sur une analyse dudit second signal de r- 
contrSle de ligne re9u ; " ' 5. 

un moyen (50) pour estimer des caracteristi- 
ques d'echo du support de communication ba- 20 
. s6es sur une analyse dudit au moins un :slgnal. 
d'echo regu dudit preim'ier signal de contr6le .de 
ligne ; et 

un moyen (84) pour selection ner une frequence 
porteuse et une Vitesse de transmission d'entre 25 
une plurality de frequences porteuses et de yif 
tesses de transmission bas6es sur lesdits esti- . • 6. 

■ - mations des caractdristiques d'echo et de si- 

• : , gnal du support de conrimurilcation. . 

M6dern2filssulvantlarevendicatioh 1 danslecjuel :. ... i . 

. . le moyen d'estimation (50) inclut un moyen 
pour calculer un rapport signal/bruit sur un . • 
spectre de frequences. predetermine dljdit.se- . 3^- : 
[\ . cbnd signal de.contrdle de ligne reg.u et un rap- ^ 
; port signal-sur-echo sur le spectre de frequen: O ' 

■ ces predetermine dudit au moins ua signal ; .• ! 
... d'echo regu et, s'll est selection he,, le moyen \ 

pour calculer inclut un calculateur de Tranisfor- . . : 
: mee de Fourier Rapide (TFR) ; et dans lequel ' . • 7: 

. "ie moyeri de selection (84) Inci.ut un moyen pour 
detenminer au moins une baride de frequences 

. de communication souhartable du support de 
: . communication k I'lnterieur du spectre de fre- •: • 

- .quences predetermine en fonctidn des rapports . . ; 
signal/bruit et signal-sur-echo calcuies et pour\ 
'seiectionner la frequence porteuse et la Vitesse 
de transmission en fonction de ladite au moins 
une bande de frequences de comrnunication so 
souhaitable. 

.'Modem 2 fils suivant la revendicatioh 1 dans lequei 
■ les premier et second signaux de contrdle de ligne 
incluent un signal k iiiipulslons rhoduiees en fre- ss /; 
quence s'echelpnnant. d'une premifere frequence k 
une seconde frequence qui est repete une pluraiite' • . 
.. de fois sur lesdits premier et second intervailes de 



temps predetermines respectifs ; et dans lequel le 
moyen d'estimation (50) inclut un moyen pour estir 
mer una moyenne.des caracteristiques de signal, 
. basees sur une analyse du signal k impulsions mo- 
.duiees en frequence repetitjf du second signal de 
contrdle de ligne, et un nrioyen pour estimer une" 
moyenne des caracteristiques d'echo; basees sur , 
urie analyse du signal k impulsions moduiees en 
frequence repetitif du premier signal de contrdle de > 
• ligne-. ■;: • ^ 

. Modem 2 fils suivant ia revendlcation 1 dans lequel 
le moyen deselection (84) inclut un moyen pour se- 
iectionner la frequence porteuse et la yitesse .de 
transmission eri fonction egalement du au moins un 
debit de dbnnees desire. 

Modem 2 fiis suivant la revendication 1 dans lequel 
le moyen d'estimation inclut un moyen (80) pour es- 
:timer les caracteristiques de signal, inciuant une 
distorslon de signal non lineaire du support de com- ' 
munication, et un moyen pour estimer des caracte- 
ristiques d'echo, inciuant des non linearites dans au 
moins un trajet d'echo du premier signal de contrdle 
de ligne dans le support de communication. 

Modem 2 fils suivant'la revendication 4 dans lequel 
. le moyen (84) pour seiectionner la frequence por- 
teuse et. la Vitesse de transmission inclut un rrioyen 
pour recevoir desi infbnnatlons de raiitre modem, 
lesdites infomriatioris inciuant une frequence porr 
teuse, une yitesse da transmisision et un debit de 
donnees auxquels rautre modem prevoit .de comr " 
muniquer, et uri moyen pour. decider lesquels de la . 
.frequence pdrteuise!re9ue et seiectionnee, de la yi- 
. tesse de transmission et du debit de dpnriees ser ; 
: ront f in alement. utilises par le modem 2 fils daris ia : 
; communication ayec I'autre modeni sur le support 
de communication. \ 

Procede de selection d'une frequence porteuse et': 
d'une Vitesse de transmission pour la communica- ; 
tion enti-e un modem d'appel et un modem .de re- 
ponse sur une vole d'un support de communication; ; 

;la vole introduisant un retard k I'.aller et .au retour, 
egalement appeie plage, ente le modem d'appel et 
le modem de reponse, lesdites frequence porteuse 
et Vitesse de transmission seiectionnees pendant- 

. une procedure de mise en route coriimune ayant 
une pluraiite de segrnents de temps successifs, le 
procede etant caracterlse par tes etapes de ; 

transmission (34) d'un premier signal de com- . 

posantes frequentieiles variables sur ladite 

vole dans un segment de temps ; 

reception (38) d'au moins un signal d'echo dudit 

premier signal de ladite vole ; 

reception. (38) d'un deuxifeme signal de compo- 
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30 



santes fn^quentielles variables sur ladite vole 
dans un deuxl^me segment de temps-; 
estimation (122).d'une plage pour un des mo- 
dems d'appe! et de r6ppnse dans iedit un seg- 
ment de temps de la plunaiit^ de segments de 
tenrips successjfs de la procedure de mise en 
•route; 

estimation (1 24) des caract6ristiques de signal 
de la voie pour le un modem bashes- sur une 
analyse dudit deuxi^me signal re9u dans ledit 
deuxidme segment de temps de tadlte pluralltiS 

* tout en estimant paralldlement des caract6ris- 
tiques d'echp de la voie pour I'autre des mo- 
dems d'appel et de r^ponse bashes sur ledit au 
moins un signal d'6cho .re9u dudit premier 

: signal ; 

transmission (34) d'un troisidme signal de com- 
posantes frdquentielles variables sur iadlte 
voie dans un troisl^e segment de temps ; 
reception (38) d'au molns un signal d'6cho dudit 
trolsidme signal de ladite vole ; • 
reception (38) d'un quatrieme signal.de compo- ' 
santes frequentielles variables sur ladite voie 
dans un quatrifeme segment de temps ; . 
estimation (182) d'une plage pour I'autre . mo- 
dem dans ledlt trdlsl^me segnneht de temps de 
ladite plurality; et 

: estimation (1 84) des caract6ristiques de signal 
de.la voie pour I'autre modem bashes sur une ; 
analyse dudit quatri&me signal re9U dans ledit - : 
. quatrl§me segment de temps de ladite plui-alltdj 
, tout eh estimant paralldlement des caractdrls-' 
tiques d'echo de la voie pour le un modem ba-; 
s6es sur ledit au molns un signal d'^cho reyu' 
dudit troisieme signal ; 

selection d'une frequence porteuseet'tf uh^ VI- . 
tesse de transmission pour le modem d'appel • 
bas6e sur le signal estime et les caracteristi-^ 
ques de la vole d'6cho de celul-cl ; et 
selection d'une. frequence porteuse et d'uhe Vi- 
tesse de transmission pour le modem de r^pon- 
. se bas^e sur le signal estlm^ et les caract^ris- 
tiques de la voie d'6cho de celul-ci. . " 
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• • d^tenminatibn d'une frequence (iorteuse et. 
. • . d'une Vitesse de transmission pour chacun des ■ 
. modems d'appel et de r^ponse, respective-: 
. ment,^ paftir des frequences pbrteuses et des 
vltesses de transmission ^hang^es et s^lec- 
tionn§es, 

. 10. Proc6d6 suivant la revendication 7 Incluant de plus 
■les6tapes.de:; 

. . condltlbnhement d'un r^cepteur et d'un. sup- 
. presseur d'6cho de chacun des modems d'ap- 
. ' . pel et de reponse en echangeant des sjgnaux 
entre eux sur le support de communication d la 
frequence porteuse et d la vltesse de trahsniis- 
- slon d^termin^es respectlves de ceitii-cl ; et 
^change de donn^es entre les modems d'appel 
et de reponse sur le support de communication 
d la frequence porteuse et k la Vitesse de trans- • 
mission determlnees respectlves de celui-cl. 



Proc6d6 suivant la reyendication 7 dans lequel le ■ 
premier, deuxidme, trolsifeme et quatridme . seg- 
ments de temps sont successifs dans ta procedure 
de mise en route et dans lequel le un modem est le 
modem d'appel et I'autre modem est le modem de 
;.r6ponse. 



45 



so 



9. Proc^dd suivant la revendication 7 Incluant les 6ta- 

''• pes de : • 



^change des Infomiations de frequence por- 
teuse et de Vitesse de transmission respectlves 
sur le support de communication entre les mo- 
dems d'appel et de reponse ; et 
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